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(54) HIGH SPEED FLAME SPRAYING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high speed 
flame spraying method capable of easily thermal- 
spraying the surface of a substrate to be thermal- 
sprayed with coating having wear resistance, seizing 
resistance and pressure withstanding strength at a high 
speed under conditions of high speed rotation, high loads 
and nolubricant. 

SOLUTION: This thermal spraying method is the one in 
which high speed flame is generated by using a Itd^ii 
combustion gas, and the surface of a substrate 100 to 
be thermal-sprayed is thermal-sprayed with thermal 
spraying raw material powder by using the high speed 
flame to form coating 102 on the surface of the 
substrate to be thermal-sprayed. In this case, as the 
thermal spraying raw material powder, a powdery mixture 
contg. (A) Cu base lead-bronze alloy powder by 98 to 
70vol.% and (B) Al powder or Al base alloy powder by 2 
to 30vol.% is used. 
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(54) [^?^®=S«;] ig53i7U'-A^W:&S 



- (57) [SiisU) 

(A) cumm^m^^m^9 8-7 o^mxii. 

(B) A A 1 S^^*»*2~3 0#:«% 




(2) 

1 

m:^mz:^\^^r. mtmmmnm^^z. (a) cumm 

nm-^^B^^ s-7 omu%t. (b) Am*. 3^ 

Tc u = 7 7-8 9afi%. sn = 4-iiaa%> p 10 
b = 4-i imm%'&zfn^^mioiMm%uT'&^is 

ffl:%7fe«<7)^M*^^trA 1 ^O^bT^cCO. SiIfBAlS'&^ 
m^^t. f^^tLXA 1=6 5-9 smmX. S i = 4 
-30ffia%. Cu = 0. 5-6fi»%, Mg=0. 3 
- 1 2Sfi%J^r>7Sgi5^J?E«0. 5aM%*iS<^-&trA 

R z = 1 0-6 0 ^t^^^olz^^J vV^yT. V^M"^ 
:;*:i^T5 0- 1 5 O'C^TSP^bfc^, ^S*=^ 
fTT'cCi^, mftB1*^S*S«^ffi(c)?^0. 0 2-0. 5m 
niCD^M^Ji^^JcT^ii*Jll> 2X^S 3cr)iga:7U«-i^ 

^^/7'Dtru>, ^^/x5"i/>. 

T:7l/-AjS^;0n 0 0 0-2 5 0 Om/&\ :7 30 

?^^7&^2 2 0 0-3 0 0 ot:(Dii55i:7U'-A^%*^ 

it. 1 7 0-3 5 OmmlCiSJtb. m^'^o:^ 

j^Mt^S^2 0 0t:^T^^^JfPbT?gM*tT;^ci:3i9*« 

^ffia^Ra = 0. 4-6. 0 SlC{±±tf ^f»5R^ 
1 - 5 COV^'rn>0^cOJMtCfB«£CDi^3l37 l/-A^§M:Sffio 

IS M ^ nfc X T - n > y 1/ -y- 

[0 0 0 1] 

7.<£ffll^^TiSai:7U-A ^^*b, dCOiSji^' 
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[0 0 0 2] 

[ije*coft*5] se^^. *?ijA«x7-=i>yi/^;/it-4^> 

[0 0 0 3] ,^«(iT>ll/^X'i7A^^. ^^Xti 

^ (c Ti^M ^ n . nar ^ t@ ^af5p°n v - 

SU J 2 {CT?^^$nT43 0. ^(Df^mz. ?Hit;0^'^+ 
[0 0 0 4] 

^y t.^ ^^^^ Sn;< 
S n;<!y=*^^fT?'cC'5JS^> 1 0 /x mCD;>^ 

[0 0 0 5] nmz. v-yuyzi—j-^y^^ntz^fAU 
zi-y^^ y^'m\zh. s n ^y^(om^t.^mz. uw. 

Z(Drcii>\Z. ±m(DJ:3\Z^<<Dmm^^L. ZLO) 
[0 0 0 6] *^BJ«^C^fll^PSOtC:feV^T, U 

msu J zizTi'^m^nxi^^^yzL—izMVXs MMm 

^zsmm^m^^-r. «fijA«T;p^x^7A^^, mmx 
itw^mm^^^zxuFm-^nrcmmtji^cDrci^a^mmjii^ 

[0 0 0 7] m\z. ^mMf&'^^^wumt^m^xmm 

[0 0 0 8] StoT, :$i^m(DS&d\t. ^^m^. MM 

^m^^r^^m^. ^mmxR-^^m^izmmmmmmi 
m^zmMT^ ^t(Dx^^Mmy U'-M.mM:^m^mwi 

[0 0 0 9] :^^mo)mcD^W}\t. ^m^muiMn-r^ 

^^-^mx. mmi^(o^\^^S:itfu&m^i'^m'r^z,t(Dx 



(3) 

3 

[0 0 10] *?g0j(7)Sfcfilio@WtA> 4ttc. yji^^zL 

[0011] 

tJ^5fc9 8~7 0^^a%<h. (B) Am*. X^i> Al 
*^^*^>*2-3 0#:ffl%, »^b<t^3-l l*^f«% 

^^tL'ZCu = 7 7 9mm%. Sn = 4-1 

iaa%. Pb-4'-i iaa%&a^^5Sgf5^Mfeiia* 

1. 5as%*^Sco^jisEfia^^tyA 1 j^j^^T^cCO, mr 20 

IBA 1 S^^t^)*ti. iS^chbTA 1 =6 5-9 Safi 

Si=4-'30a*%. Cu = 0. 5-^6**%. 
Mg=0. 3-1 2fiS%:R^:J^?5gB^«ifi4^0. 5S«% 
m^^-^tTA 1 S'&^^^e>?'cJ:'5o Sf^b<tl, MtECu 

S^WiH^^t^C u = 7 7-8 6a«%. Sn=6 — 9 

afi%> Pb=-6-9mm%isi,zsm^^m.miMm%&. 

Tt^n. X, SfrlBA lS^^I»*tS. A 1=6 5-9 
iaS%v Si=8-25a»%, Cu=2— 4a« 

%. Mg = o. 5-6aa%RtK?5a5^««i^o. 5a» 
%*^s<h$n^o 30 
[0 0 12] X. mt^cu&mnm^^^^^ mriBAi 

^*RtXMIBA 1 S^^*5^*c7)fiS^^, 1 0 - 7 5 M 
m, »^L<^^1 0-6 0 Mm. 4#[rMtBA m^RlX 
MtBA 1 a-gr^l^^^COSiSti, 1 0-4 5 Mm<i:$n 

[0 0 13] ;*:^0^co$?^bl.i*i6^^tt::ct^<h. mJlB 

^mmm^u. ^(Dmrn^mm^^u rz = io-6o^ 

-1 5 or^TJnflftUfc^, »M^tT?iJ:Vi> taiBSt^M 
S«^St::J¥^0. 0 2-0. Smm(D^m-f}WfS.'^n 40 

X, tiiiBj^;K;tfx<i:LT, mmy^uA>. mm/ 
ynei/>. B^^/^^s:tfx, m^/x^u>. mm/ 
f:imy.\tMm/ii^m<D\^^^nf}^(Dm.'^i37s^m^^'Ty v 

— AjiJg;^^ 1000-2500 m/|j^, 7 U — AJ^StD^ 
2 2 0 0-3 0 0 O'CCDiSiiT' Iz-A^^^^-y:. ^S* 
ligffiltAl 7 0-3 5 OmmtC^Jtb. m^'^<^&MM& 
^2 0 OX:£AT. »^b<«l 5 orJWTJCffiiJffllLT® 

[0 0 14] X, *^ejco»*H/:i^j56fii1f iCctnti, 
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= 0. 4-6. OStZftJitf^o 
[0 0 15] *^0^CDy§S^:;^St^. y)V^rL^K'^^. 

[0 0 16] 

[0 0 17] mWZ. *5gHJCDiSi$7U-A^M^ffi=^ 

IIIO{c|H|ptl>i:,^tcT. F^:;?J:«9^^l^:SF^<h> yxji^-oit- 

h3. 'y:x.)\^A'BiJS:sLy^^vy'''^tWM'^n. mM:» 
y^5igS8Mi;tCEEJ^^^aSS7 3Sir/9 ^?^i55cibXl.^^o 

T&^BES^nri^^o »f-S^iKf:tf>l<7)^igti^ll#^ct^ 

[0 0 18] ?tS^lS*^l-«)*fr^, M^;^*X;^cJ:<i:(^^ft'tt:tf 
XTMii^nTtfIIB*&*SA*-h2-v^«^l&$n, 3}^ 

SS8;5^bffi$^^n^i^EEt«'M:?yxtt. >it- h 

3&r/vx;i/4C05feS^ilgi5tCTt«'MT^. ClcOMt^i*^ 

nB^\t. yu-M.^^i?mzxmm-^n. mm^n. ^ 
bT. mmmmm^^. m^(Dmm. m-^. 1 70-3 

5 OmmHiB^^n/zmacTDSW 1 0 O^chlB^b, ^ 

c7)^atc?§M>^mi 0 2^mfS,-r^o 

[0 0 19] ^t', *:^BJ(cTfieffl$n^^MllW*»* 

^z^i^^rmm-r^o 

[0 0 2 0] ^mmx\t. mMj^.mffi^^i^x\t. nm 

^mmzm'^^n^A\m^^^tA\m^^B^\t. 2 
-3 oft:a%^fin$n§;o^. mmm\zm(Dmit^mmi^ 

[0 0 2 1] ±$^cummnm^^mMift. f$,^ti.x 

Cu=77-89S«%. Sn=4-lia*%, Pb 

= 4-1 ia«%sz>7^a5^M% iaa%i^T^^tfc 

i. Zn. Fe, Sb. S i ;^j:<!:}^^^^f en^o 
[0 0 2 2] Cu*«iWffl^^{CT. Cu:^t7 7aM% 

-dX. Cu<Dm^t. 7 7-8 9*6%. if*b<t^. 7 
7-8 6ag%i:$n^o S nt^CufCHJgbJl^. §1 



(4) 

5 

m\z^tEr^. p bTiin ittfi%^®xT^^n^i:^ 

-Siavt-tt^^^^+^Ty^cCl^o t^::5T. P bOa(^4- 1 Ifl 10 
[0 0 2 3] X. *^0JtCT«ffl^tl^A 1 J|f^>*<ht^. 

^^T^^m^^n^ smm%^m(D. wt>. 9 8. 5 

(hbTA 1 =6 5-'9 5Sa%. Si=4-30a« 

%. cu = o. 5-6aa%. Mg--o. 3~i2m» 

^m^tVXl^. M'M. Fe, Zn, MnU^-^^ 
[0 0 2 4] $^0J#e>t^OW3^^aO;*S:i:lCj:nt^. C 

ummnm^^^ cu-sn-pb,2^^»ii^^ 

PbO. Pb02 chfcCO. SI^Oj|S^^^ll^s6'5C 
g^^bb^V^^A ^tiS i ^^tTA 1 

A 1 -I^S i co^^b^'^Tfet::®^! 0> P b<7)^{b^ffl©Jb, 

Pbo. Fb02 ti-E(omim(Dm^{}>u<v. mm^ 30 

[0 0 2 5] Cua»W^^^I»*tC^i0^n^±tBA 

1 s-&^t3PbTHtcitt0j'rn«, A 1 /0^6 5a«%* 

i£;0^7g< T'cJ:^}^::^. A 1 coatl 6 5 - 9 5 i?f^ 
L<\t. 6 5-9 ia«%<h$n^o S i A UCHJ^ 

Cu«A ncS^b^g^. §l?g3iS^f^±^-li'^o L.;ii^ 
b;^cJ:;0^'B>> Cu^^A 1 h%^^VXe^ (C u A U ) <7) 
^SFsm^tl^f^O. Cu7&^6a»%^eA^<i:> 

T. c\x\t^mm%^xv t^n^o -yj. 0. 5aa% 
x\ c\x\to, 5-6aa%, jff*b<ti. 2 --4 as 
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ffl (A 1 3 Mg. ) (D^mmit^m^i^O. Mg;^n 2 

-yj. 0. 3afi%5tc^Tti®$. !!i?i^^itcof^± 
y)^^n{^Emii>u^^(Dx\ N4g^^o. 3-i2aM%> 

Sf^L<t^, 0. 5-6aa%i:^n^c 

[0 0 2 6] ±ai<^<fc3tr. swfc43iiT, cussaw 

T. A 1 ^t^A 1 S^^^^Jn'r^<h. j^M^««iPX 
T'SR^frc^lS^O^^ P b7:;^'i]ft^Si-^cD/0^'Kil:$n, ^co^^cC 

[0 0 2 7] :i<7)cfcf)tC. Cua«)«^^^l»*tC*tb 

TA 1 i^^rnXK 1 S'&^^^^^^iJat-^ch, ^(DWM 
A 1 ^-^^I^^O^iOST^^^S 0{*:a%^^A^ct, Cu 

Ki^f^tt^fflj^cC^o tsoT. minM(Dmm^^x^fA't 

A 1 «&**liA 1 S^-^l5»*tD^JPat^> ^2^«Jt^T2 

-30%. »^b<(^. 3-ll%i$n^c 

[0 0 2 8] :^mm\zxmmr^m^'^t^n^±mc 
ummnm-^^^ A \ RzSA \ m-^^o^mm^^^ lo- 

7 5 Mm. iff ^L< 1 0-6 0 u m h^t ^ ^ ^:f)^m^ 

mx\t.. «»*(^i§ii;O^^L<. ^m^\zmi\:^(^^^ti^ 

\Z. 1 0-7 0 Mm<h^n. j?^b< tS, 10-60M 
m, ^\ZA 1 USt^SLUA 1 S^^I»*lc5lbTt^, »^ 
L<t*l 0 — 4 5 Mmii^tl^o 

[0 0 2 9] ifmmmM^mzxmm'^^'mMi^T.t. 

\,^^nt^(Dm,'^'^7.t^^m\zm\^^in. 1000-25 

^\zi&=?'(DmWi^<o±u]h^. ^^^^^^t.yyti—'^) 
mm.f)m^^Em^n\zmmx,:^)v^—ii''^^^'^f\'^^^ 
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AiiStS 1 0 0 Om/#J[^l±T^>^o ±'^(D^-Z> 

0 orii^n^o 

[0 0 3 0] mpii^i. &m:^':^tLxwtmy^^^^>(^ 

mmHTs 9 ~ 1 3 B a r . ^MM 1 5 0 - 4 0 0 L 

PM \Z. yp/N'>;^X^/Et? 5-8 B 10 

a r > yjSas 0-1 2 0 L ?U\Z. mji^^^s;^ 5 — 
7 B a r. fift* 2 5 0-70 OLPMfzT^o X. T^^a 

A°> : lg-^= 1 : 3. 8-4. 8 mmkm\Z\^%\^t:L 

Itmt^ 3 - 8 KlE b T^cC y D >fi;??^# < ?^ci: 0 

4. 8 ^^^'2)i^JSb/cCi/^^^ft)0^^<?'^Oglt^M 

[0 0 3 1] «Sj^:tfXi:LT®?^/'7'Dtf l/>CD?g^:tf 20 

X ^jBE:;':; 9 - l 3 B a r . 1 50-400LPM 
tc. :/nbfl/>:tfX^IE:f3 5-8 B a r , atS40-l 
3 0 L PMtC. 5 — 7 B a r . rjSg 2 5 

0-7 0 OLPMtit-^o X. 7'nei/>;^'XchKil;^j 

1:3. 5-4. 5 {mm^m\z^nvfz.m'^) \ZtS.^ 

^o\Z't^o z.(D^a\ivy\zti'^^mmo:>imm^- 
5*»TiiS/SLfcCi.^:/n tfU>a;0^^<7^cf:O ax 

/O^^ ^ L m ^ { t: ^ i; ^ o 

[0 0 3 2] t«'^:^X<hbT^m/7KmcoS^:^X^^3g 
ffi L ±1 ^ CD ^ *f * CO X ^ <h b T t ^ ^ ^ X ^ ffi ;b 
9 — 13Bar, StS 1 5 0 — 4 0 0 L P MtC, tK^*' 
X^m:^ 8- 1 2 B a r . Sftl: 5 0 0 - 9 0 0 L P M 
tC, ffiJS^^^ffi:^ 5-7 B a r . a!fi2 5 0-7 0 0 

mmmt'^mMtm^ I i\f^M= I : 2 . 0-2. 6 

-r.57x^c7)jt^;o^'2. 0 ^m'^\tKm\^t^^^mBmffis^ 
[0 0 3 3] if%m\zx. mMucomM^m imi^iiy 

1 iiSE^WSW 10 0 <hOg§Bi) fri 1 7 0 - 3 5 0 mm 
tcTSo C:(7)S*tt> 1 7 Omm*iSTf«*»5S>0^JDi*. 
^D.^^n-r, X. 3 5 Omm^®A'5^:> ^0.JD^, iP 
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[0 0 3 4] t^:^. MS*tSt;J 1 0 0 O^ffitl. 

ffii^te:;tb. /gS^^JK l 0 2 tcoSSa^fi^ ^iS < *ilt-r 
gPiS:(l^a5cDX^'~;i/^fx0P*^, ^fi6i$tv^{bb. 

^^7i<i:C0i5^'j vh^o. 5MP a5gjgcom:^;TlS^W 

Mtl. ^ffiffigCMRz = l 0-6 0. ftf^b<^^l 5 — 

4 0 coiHldb^Jl^liK-r^CD^OW^blio ;i(DlHIO(CcfcD^ 
J£M ^ S** <i: b 7 > * - U > . 

0 R z*^^TS^i:7>:;^7-U >y>c4*/0^*^+»T^ 
'Sfcae)^^3S^:^^<g;Tb. — ^ffifiljg e 0 m R z 

[0 0 3 5] ^cDJ:^);^^y^x h5a5i^b;^cit. tSc?§l* 

s«^5 0-15 ox:\zi]m\^fzm\zmM't^z.h'fym 

^bv^o r^S^ 5 O^Ci^^iCitf ^OtSStSflCO^i^ffl 

5 ox:&:v\z't^(D\t.mi(^m^m^mi(D^^&'^\t^ 

ru^ti2 0 ori^T. ^^i.<\ti 5 ox:i^T\zmm-r 

[0 0 3 6] X, ^m(Dm^\mmnmj}M^m^rzisb 
\z\to. 0 2mmJ!^_htc, ^rzmM^(Dmm'^mm^<D 

mmti\z^^mm^m<rzisb\zO . 5mmlUTtcT^ei 
chyOW^bO^o X. /§l*tSC0;feM^®a^ti> Ra = 
0. 4 — 6. 0 S tCf±±frf JPX-r^Oi^^ff^bl^o Ra 

if)^6. os^m^^tMmi^\i^mti:^K o. 4s*^ 

[0 0 3 7] 'A^Z. *:^0J^*M«^(ltCr)l.:^TMtCi¥b< 

[0 0 3 8] mmm 1 

ua»«^^^*»*9 0#:a%^. TIH^ltC^rmfiK 

^i^n^A 1 1 oi^m^^^^^^^tii^M.'^m^ 

^PSbT^fflbfCo 

[0 0 3 9] ^^^i^»«(hbTti, ^mi 0 OmmXF^ 
g5 Ommx;?^ 6mmOXT — a >yi/^yit— 
ffl^lS^^fflbfco ^1S(D**St^SS4 lT»ofc„ 

[0 0 4 0] m^WhLX. Z.(DUU^mz. T 

)l^i-i/^Jyh (5|SS#2 0) ^BijO. 6UFaX^ 

\ZX. #«<7)^®ffl*tiMRz=4 5-5 0<h?5:ofco 
[0 0 4 1] ISIi \z^^'rmM:^y 1 ^flgfflb 

ffitc^-r^i^^^ttcT. fib. mmmmB^^i^^iyt^ 

ViT. j§S*SB?«l^3 0 0mm(c:«^, :7 U—ACOa^^iS 



(6) 
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[0 0 4 2] 'A^^X\ mM:»>l^^mLX. TIBSS* 

[0 0 4 3] imMmn^n') 

: 1 1 B a r . ?jS»= 3 0 0 S LM 

yp/^>:?!?7. : 7 B a r . Sfi= 6 5 S LM 

^% :E*= 6 B a r . ffiS=4 0 0 S LM* 



{^)vV)V/^ (LPM) ) ^:i:i*-r^o 



[0 0 4 4] 

[^1] 



(35Z!1 : 1 0-^-6 0 At in) 





Cu 


S n 


Pb 


Zn 


^CDfffl (Fe. Sb. Si) 




80. 1 


10.2 


8.4 


0.6 


0.7 



2 6 0 0 t: 

1 4 0 0 m/%i> 

2 0 0 mm 

7 5 g/^i- 



A 1 S-^^ (^S : 1 0'-4 5 jLcm) 





A 1 


S i 


Cu 




•?-CDfl& (Fe. Zn. Mn) 




S4.3 


2L3 


3.6 


0.5 


0.3 



MOJ¥$«, 0. 2 3mmTS)t). m tfil-gr^^^Sri^M Lfc. 

fflUPX^A'y'W^CT. 0. 15mmT. J.-^ [ 0 0 4 8 ] IS^WSW t bTtt, 1 2 0 mmX ^ 

^®fflSRa = 0. 6~0. 8 S{C{±±tfAc. i±±tfM g 6 0 mmx/f $ 5 . 5 mm© L. S15CT 

CttO. 0 lmmmK^±»««#iSt7'j:^^^:fco X« S fl^SSLfcU >^4fe©^^m^fflSS^M-t. ilgSOmm 

EMm^> EPMA®ffl5j-:pT©ilSm, Sf^tfiiSbP b 30 X 1*5 $ 2 5 mm<^^ffi^W S S 4 1 -C^t^3b;t■r''f 
[0 0 4 6] ±ii!!0<t3tbT{^S!!LfcJ§WSI«<&^-r [0 0 4 9] ^fT, flSaSibT. CtieK^M-^^M 
-5#«*ffll/i. CCO#HS^ffi(CSU J 2*^e>7S:-5->3.- T;U5-^^U>yh (iKLfi#3 0) ^^±0. 4MP 

m^r^z.L\ziir), Wis^mi^mnnM^frTs.-otc., mmm\zx, =&K^M-ro^Mffi^»MRz = 2 5~3 5 

X. J:l:t<«aj<i:bTtAe5K<©^MCS n^-y4^bfe^41S tU-otz, 

y=¥m^O. 0 1mm) ^^Sgfflb. |5l b^fr tCT^S^ [0 0 5 0] 'A^^X\ 13 1 lC*-r^W:tf > 1 ^ffiffl b 

Sg^^KIKSrffJSofc. -ewi^m. fi£*SCDS n^-y=^^ T. ^f-^MM^n^-otz, Z.(Dii^, ^«:*f>l«, T 

<D^n-Xi\tSLizf$.nm^1fiO. 0 lmm£t'±(c^T-«« tBfcS^T^W^i^tCT. mb. ?$S^llf4t^)**ftSi§b;^t 

b, TtffiOS S 4 l>^)^SiiiibT'M^(.ifc(75tr^b, 40 t/^T-, ^MSESI^ 3 0 0 mmlcffi*-. ^-AcD^?^5:i« 

B^{CTf^Sibfc^«SffiC5*ttfttt6 MmT, MT^cfc-pCf^BlS-tt. IJt^lt 1 0 0 "CtCiDfi bT. 

[0 0 4 7] *li«»J2~5, it*!«fi»Jl~5 [0 0 5 1] SS^;^ > 1 Srffiffl bT, TSB^S^ 

^WI^iSf;^*tbT«> TtB^2tC3^-rmfiEi:^n2.C MX^i^lCT^fSS^M-lC^M^J^^bfc. 
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